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Abstract
We investigate the problem of localization of gauge fields within the 5D standing
wave braneworld model and show that in the case of increasing warp factor there exist
normalizable vector field zero modes on the brane.
PACS numbers: 04.50.-h, 11.25.-w, 11.27.+d
The brane models [1, 2] have attracted a lot of interest recently with the aim of solving
several open questions in modern physics. A key requirement for realizing the braneworld
idea is that the various bulk fields be localized on the brane. For reasons of economy,
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stability of the model and avoidance of charge universality obstruction [3] one would like
to have a universal gravitational trapping mechanism for all fields. However, there are
difficulties to realize this mechanism with exponentially warped space-times. In the existing
(1+4)-dimensional models spin 0 and spin 2 fields can be localized on the brane with the
decreasing warp factor [2], spin 1/2 field can be localized with the increasing factor [4], and
spin 1 fields are not localized at all [5]. In the case of 6D models it was found that spin 0,
spin 1 and spin 2 fields are localized on the brane with the decreasing warp factor and spin
1/2 fields again are localized with the increasing factor [6]. There exist also 6D models with
non-exponential warp factors providing gravitational localization of all kind of bulk fields on
the brane [7], however, these models require introduction of unnatural sources.
To solve the localization problem recently we had proposed the standing wave braneworld
model [8], which is generated by collective oscillations of gravitational and scalar phantom-
like fields (similar to [9]) in 5D bulk. To avoid the well-known problems with stability one
can associate the bulk ghost-like field with the geometrical scalar in a 5D integrable Weyl
model [10]. In this model a massless scalar, either an ordinary or ghost-like scalar, appears
through the generalization of the Riemannian definition of the covariant derivative of the
metric tensor. The geometrical scalar fields have not dangerous couplings with matter fields,
and it is known that the Weyl model is stable.
The metric of the model [8] in the case of increasing warp factor has the form:
ds2 = e2a|r|
(
dt2 − eudx2 − eudy2 − e−2udz2)− dr2 . (1)
Here a =
√
Λ/6 > 0 (Λ is 5D cosmological constant) and
u(t, r) = B sin(ωt) e−2a|r| Y2
(ω
a
e−a|r|
)
, (2)
where B is a constant, ω denotes the oscillation frequency of the standing wave, and Y2 is
the second-order Bessel function of the second kind.
The solution (1) describes the positive tension brane at r = 0, which undergoes anisotropic
oscillations and sends waves into the ’sea’ of phantom-like scalar field in the bulk. When
the amplitude of anisotropy is small with respect to the tension of the brane (quasi-isotropic
limit) effects of anisotropy will be observable only for cosmological distances. One can study
brane cosmological model where anisotropy dissipates via inflation [11], or by leakage of
thermal graviton radiation into the bulk [12].
Note that there is a large similarity between our solution and the simple electromagnetic
standing wave between two infinite conducting planes. In our case there is only one plane
– the brane at r = 0. Instead of the second plane we have the wall which is provided by
the static part of the gravitational potential increasing as one moves away from r = 0. This
reminds the experiments of [13] where neutrons were trapped between a reflecting plane at
the surface of the Earth and the wall generated by the gravitational potential of the Earth.
We have discrete frequencies of oscillation for our standing wave just as the neutrons had
discrete energy levels in these experiments.
The r-dependent factor of the metric function (2) has finite number of zeros along the
extra coordinate axis, which form the nodes of the standing wave. These nodes can be
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considered as 4D space-time ’islands’, where the matter particles can be bound [8]. One
of nodes of the standing wave must be located at the position of the brane. This can be
achieved by imposing the condition:
Y2
(ω
a
)
= 0 , (3)
which fixes the ratio of the standing wave frequency ω to the curvature scale a.
If the frequency of oscillations in the bulk ω is much larger than frequencies associated
with energies of matter particles on the brane standing waves can provide their localization.
One of the classical analogs of this trapping mechanism is the so-called optical lattice with
standing electromagnetic waves [14]. The explicit localization of scalar and tensor field zero
modes in standing wave braneworld with the increasing warp factor was demonstrated in
our previous paper [15].
As mentioned above, the implementation of pure gravitational trapping mechanism of
vector field particles on the brane in 5D space-time remains most problematic, although there
was proposed some non-gravitational trapping mechanisms, for example [16]. In this Letter
we investigate the vector field localization problem and explicitly show that the standing wave
braneworld metric (1) provides pure gravitational localization of vector field zero modes on
the brane.
For simplicity in this Letter we investigate only the U(1) vector field, the generalization
to the case of non-Abelian gauge fields is straightforward. The action of vector field is:
S = −1
4
∫
d5x
√
g gMNgPRFMPFNR , (4)
where capital Latin indexes refer to 5D space-time,
FMP = ∂MAP − ∂PAM (5)
is the 5D vector field tensor, and g is the determinant of the metric (1),
√
g = e4a|r| . (6)
The action (4) gives the system of five equations:
1√
g
∂M
(√
g gMNgPRFNR
)
= 0 . (7)
Let us seek for the solution to the system (7) in the form:
At(x
C) = ρ(r) at(x
ν) ,
Ax(x
C) = eu(t,r)ρ(r) ax(x
ν) ,
Ay(x
C) = eu(t,r)ρ(r) ay(x
ν) , (8)
Az(x
C) = e−2u(t,r)ρ(r) az(x
ν) ,
Ar(x
C) = 0 ,
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where u(t, r) is the oscillatory metric function (2), aµ(x
ν) denote the components of 4D
vector potential (Greek letters are used for 4D indices) and scalar factor ρ(r) depends only
on the extra coordinate r. The last expression in (8) in fact is the 5D gauge condition.
We require existence of flat 4D vector waves localized on the brane,
aµ (x
ν) ∼ εµei(Et+pxx+pyy+pzz) , (9)
where E, px, py, pz are components of energy-momentum along the brane. Solutions of this
kind exist only on the brane, where u = 0, and in the case when ω is much larger than
frequencies associated with the energies of the particles on the brane,
ω ≫ E . (10)
For such high frequencies of bulk standing waves we can perform time averaging of oscillatory
functions in (7).
Taking into account the equalities for time averages [15]:
〈u〉 = 〈u′〉 =
〈
∂u
∂t
〉
=
〈
∂u
∂t
e−u
〉
= 0 , (11)
where the prime denotes the derivative with respect to the extra coordinate r, time averaging
of the fifth (r-component) equation of the system (7),
∂α
(
gαβA′β
)
= 0 . (12)
gives the Lorenz-like gauge condition:
gαβ∂αAβ = η
αβ∂αaβ = 0 , (13)
where ηαβ denotes the metric of 4D Minkowski space-time. The equation (13) together with
the last expression of (8) can be considered as the full set of imposed gauge conditions.
Remaining four equations of the system (7),
∂γ
(
gγδgβαFδα
)− 1√
g
(√
g gβαA′α
)′
= 0 , (14)
after time averaging and using of (11) and (13) reduce to:
ρ gαδ∂α∂δaβ + e
−2a|r|
(
e2a|r|ρ′
)′
aβ = 0 . (15)
In the case of the zero mode (9),
E2 − p2x − p2y − p2z = 0 , (16)
the system (15) gives the single equation for ρ(r):
(
e2a|r|ρ′
)′ −K(r)ρ = 0 , (17)
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Figure 1: The total gravitational potential (23) for vector particles in the bulk.
where
K(r) =
(〈
e−u
〉− 1) (p2x + p2y)+ (〈e2u〉− 1) p2z . (18)
Time averages of exponential metric functions were calculated in [15] and have the form:
〈
ebu
〉
= I0
( |bB|a2z
ω2
[2Y1 (z)− zY0 (z)]
)
, (19)
where b is a constant, I0 is the modified Bessel function of the zero-order, and
z =
ω
a
e−a|r| . (20)
By making the change:
ρ(r) = e−a|r|ψ(r) , (21)
we put the equation (17) into the form of a non-relativistic quantum mechanical problem:
ψ′′(r)− U(r)ψ(r) = 0 , (22)
where the potential:
U(r) = 2aδ(r) + a2 + e−2a|r|K(r) , (23)
is continuous function. FIG. 1 shows behavior of U(r) for the first zero of the Bessel function
Y2, i.e. when
ω
a
≈ 3.38 . (24)
To determine general behavior of extra dimension factor of the vector field zero modes,
ρ(r), we explore Eq. (22) in the two limiting regions: far from and close to the brane. The
function K(r), which takes into account oscillatory properties of the standing wave, has the
following asymptotical forms:
K(r)|r→0 ∼ r2 ,
K(r)|r→∞ ∼ const . (25)
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So close to the brane Eq. (22) obtains the form:
ψ′′ − [2aδ(r) + a2]ψ = 0 , (26)
with the solution:
ψ(r)|r→0 ∼ Cea|r| , (27)
where C is a constant. At the infinity Eq. (22) again reduces to (26) (but without delta-
function of course) with the two solutions,
ψ(r)|r→∞ ∼ e±a|r| . (28)
Resemblance of asymptotic forms of Eq. (22) is not surprising because of the form of the
potential (23) (see FIG. 1). Standing waves in the bulk are bounded by the brane at r = 0
and by the gravitational potential at the infinity, i.e. these two regions correspond to the
nodes of the waves.
To have normalizable vector zero mode we impose the boundary conditions:
ρ′(r)|r=0 = 0 ,
ρ(r)|r→∞ = 0 . (29)
Then using the definition (21) and the solutions (27) and (28) we find:
ρ(r)|r→0 ∼ C ,
ρ(r)|r→∞ ∼ e−2a|r| . (30)
So ρ(r) has maximum on the brane and falls off at the infinity as e−2a|r|. For such extra
dimension factor the integral over r in the action (4) is convergent, what means that 4D
vector fields are localized on the brane.
Indeed, using the ansatz (8) and the equalities (11), time-averaged components of the
vector field tensor (5) can be written in the form:
〈
F νr
(
xC
)〉
=
〈
gνβFrβ
〉
= e−2a|r|ρ′ aν (xα) ,〈
F µν
(
xC
)〉
=
〈
gνβFµβ
〉
= e−2a|r|ρ
[
fµν (x
α) +Mµν
(〈
ebu − 1〉 ∂βaα)] , (31)
where
fµν (x
α) = ∂µaν − ∂νaµ (32)
is the 4D vector field tensor and Mµν represents the sum of terms of the type
〈
ebu − 1〉 ∂νaµ.
Since the functions ρ′ and
〈
ebu − 1〉 in (31) vanish on the brane, the 5D vector Lagrangian
at r = 0 gets the standard 4D form:
L = − 1
4
√
g
〈
F PM
〉 〈
FMP
〉∣∣∣∣
r=0
= −1
4
C2fβαf
α
β . (33)
Of course in general the 5D Lagrangian of vector fields is more complicate. For instance,
it contains the mass term (ρ′F αr )
2 ∼ (ρ′)2 aαaα, i.e. the zero mode vector particles are
6
massless only on the brane and acquire masses in the bulk. This fact can be considered as
the alternative mechanism of localization.
To conclude, in this Letter we have explicitly shown the existence of normalizable zero
modes of gauge bosons on the brane in the 5D standing wave braneworld model with in-
creasing warp factor.
Acknowledgments: The research was supported by the grant of Shota Rustaveli National
Science Foundation #GNSF/ST09 798 4− 100.
References
[1] N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Lett. B 429 (1998) 263, arXiv:
hep-ph/9803315;
I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Lett. B 436 (1998)
257, arXiv: hep-ph/9804398.
[2] M. Gogberashvili, Int. J. Mod. Phys. D 11 (2002) 1635, arXiv: hep-ph/9812296; Mod.
Phys. Lett. A 14 (1999) 2025, arXiv: hep-ph/9904383;
L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 3370, arXiv: hep-ph/9905221;
Phys. Rev. Lett. 83 (1999) 4690, arXiv: hep-th/9906064.
[3] S.L. Dubovsky, V.A. Rubakov and P.G. Tinyakov, JHEP 0008 (2000) 041, arXiv:
hep-ph/0007179.
[4] B. Bajc and G. Gabadadze, Phys. Lett. B 474 (2000) 282, arXiv: hep-th/9912232
[5] A. Pomarol, Phys. Lett. B 486 (2000) 153, arXiv: hep-ph/9911294.
[6] I. Oda, Phys. Rev. D 62 (2000) 126009, arXiv: hep-th/0008012.
[7] M. Gogberashvili and P. Midodashvili, Phys. Lett. B 515 (2001) 447, arXiv:
hep-ph/0005298; Europhys. Lett. 61 (2003) 308, arXiv: hep-th/0111132;
M. Gogberashvili and D. Singleton, Phys. Lett. B 582 (2004) 95, arXiv:
hep-th/0310048; Phys. Rev. D 69 (2004) 026004, arXiv: hep-th/0305241;
P. Midodashvili and L. Midodashvili, Europhys.Lett., 65 (2004) 640, arXiv:
hep-th/0308039;
P. Midodashvili, Europhys.Lett., 66 (2004) 478; Europhys.Lett., 69 (2005) 346, arXiv:
hep-th/0404117;
M. Gogberashvili, P. Midodashvili and D. Singleton, JHEP 0708 (2007) 033, arXiv:
0706.0676 [hep-th].
[8] M. Gogberashvili and D. Singleton, Mod. Phys. Lett. A 25 (2010) 2131, arXiv:
0904.2828 [hep-th];
M. Gogberashvili, A. Herrera-Aguilar and D. Malagon-Morejon, Clas. Quant. Grav., in
press, arXiv: 1012.4534 [hep-th].
7
[9] M. Gogberashvili and R. Khomeriki, Mod. Phys. Lett. A 24 (2009) 2761, arXiv:
0808.1295 [gr-qc];
M. Gogberashvili, S. Myrzakul and D. Singleton, Phys. Rev.D 80 (2009) 024040, arXiv:
0904.1851 [gr-qc].
[10] J.M. Salim and S.L. Sauti, Class. Quant. Grav. 13 (1996) 353;
O. Arias, R. Cardenas and I. Quiros, Nucl. Phys. B 643 (2002) 187, arXiv:
hep-th/0202130;
N. Barbosa-Cendejas and A. Herrera-Aguilar, JHEP 10 (2005) 101, arXiv:
hep-th/0511050; Phys. Rev. D 73 (2006) 084022, arXiv: hep-th/0603184;
N. Barbosa-Cendejas, A. Herrera-Aguilar, M.A. Reyes Santos and C. Schubert, Phys.
Rev. D77 (2008) 126013, arXiv: 0709.3552 [hep-th];
J.E. Madriz Aguilar and C. Romero, Found. Phys. 39 (2009) 1205, arXiv: 0809.2547
[math-ph]; Int. J. Mod. Phys. A 24 (2009) 1505, arXiv: 0906.1613 [gr-qc].
[11] R. Maartens, V. Sahni and T.D. Saini, Phys. Rev. D 63 (2001) 063509, arXiv:
gr-qc/0011105.
[12] G. Niz, A. Padilla and H.K. Kunduri, JCAP 0804 (2008) 012, arXiv: 0801.3462 [hep-
th].
[13] V.V. Nesvizhevsky et al., Nature 415 (2002) 297.
[14] W.D. Phillips, Rev. Mod. Phys. 70 (1998) 721;
H.J. Metcalf, and P. van der Straten, Laser Cooling and Trapping (Springer, New York
1999);
N. Moiseyev, M. Sˇindelka and L.S. Cederbaum, Phys. Lett. A 362 (2007) 215; Phys.
Rev. A 74 (2006) 053420.
[15] M. Gogberashvili, P. Midodashvili and L. Midodashvili, Phys. Lett. B 702 (2011) 276,
arXiv: 1105.1701 [hep-th].
[16] G. Dvali and M.A. Shifman, Phys. Lett. B 396 (1997) 64.
8
